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1.
ErnCIKNCY TESTS OF HOISTIITC- APPLIANCES.
OBJECT
.
It is the object of this investigation to actually measui^e the
efforts and loads of several different types of hoists and from
thein to determine the actual efficiency of the hoists.
Curves of efforts and efficiencies are plotted shov;ing how
they vary under varying loads .
THE DYl^IAJIOJffiTER .
In order to r.ieasure the effort, it was necessary to build some
form of dynamometer which v;-ould give the effort
.
I
After a study of existing dynamometers, the design shovrn on a
following page was made and the dynamometer built in the shops of
the department
.
This dynamometer, as can readily be seen from the drav\rings
,
consists of two discs which rotate relative to each other and in so
doing deflect the coil springs, connecting them. The amount of this
relative rotation is read from the scale attached to one of the
discs, over which a pointer on the other disc moves.
CALIBRATION OP DYN01O]TER.
' The dynometer v/as graduated to read pounds of effort on the
18-inch crank. The graduations v/ere determined by holding the dyno-
i| meter in a vise by the socket and suspending standard weights from
the handle. In order that the arm of the weight be equal to the
length of the crank arm, it v/as necessary that the v^eight act at
right angles to the crank. This condition v/as fulfilled by keeping
o
2.
the crank horizontal when loaded. This was determined hy means of
a small level. After the vibrations of the load had ceased and the
crank been found to he horizontal, the graduation was marked by a
scratch on the scale plate. This scratch v/as then stamped v;ith the
number corresponding to the number of pounds suspended from the
crank arm. '
APPLICATION,
In appl^j-ing the d^/namometer to jib cranes, the crank of the
crane v/as removed and the socket of the dynamometer slipped on the
shaft, the crank of the dynamometer taking the place of the crane
crank
.
In order to apply this dynamoraet er to chain hoists, it was ne-
cessary to have some form of windlass so that the power could be
applied tangentially instead of by direct pull. The drawings for this
'i
apparatus are shown on a follov/ing page. The windlass \Yas bolted
to the floor, the hauling c'iiain put over the windlass pulley and
dravm tight by moving the carriage of the hoist along its trans-
verse track. The hauling chain then made some :icute angle vrith the
horizontal and the windlass was out of the ¥/ay of the load. The
pulley of the v/-indlass must, hov/ever, be in the pla,ne of the haul-
ing pulley of the hoist, which was determined l>y plunbing. Picture
on following pages show the application of the dynamometer to both
jib and chain hoists.
|
TESTS.
\
Tests of tv/o job cranes and four chain hoists were m.ade
.
1

3.
GEKP]RAL ifflTKOD OF I'IAJ<:iITO TESTS.
In making the tests one general method v;as follovired in all
tests. The hoist was loaded with pig iron until a sufficient effort
was required at crank to give a rea.ding, viz. above 15 lbs. The
load was then raised and readings of effort taken at each revolution
of the crank. The load was raised through the range of this hoist,
thus giving a va,r.ying number of efforts for the different hoists
,
depending on the reduction in the gearing. In the jib cranes it was
necessary to raise the load twice in order to get a sufficient num-
ber of effort readings to obtain a good average. This v/as repeated
for each load.
The loads were, generally, varied by 250 lbs. at a time as
shov/n by data. In some of the tests the limit of the dynamometer
prevented the loa.ds from running up to the rated capacity of the
hoists ; others were tested to rated capacity.
KETHOD or CALCIJI.ATI01^I.
In calculating the efficiency, the ^--ork of the load v/as divid-
ed by the work of the effort, i.e. if \Y ~ load, average effort
for that load, X = distance through which load acts, . - corre-
sponamg distance through which effort acts, then Efficiency = .
One revolution of the crank was taken as the dista.nce through
which the effort acted and the corresponding distance through v/hich
the load moved was calculated from t}\e ratio of the gearing.
These calculations are made under each test.

4.
PLOTTiira or ciimrRs.
T\7c curves were rlctted, one of efficiency and one of effort.
These are plotted as ordinatos on a. load "base. For the convenience
of any future reference to these tests, the efforts plotted were re-
duced to the effort which would be required in the actual wo'rking
of hoist, i.e. for the j ih cranes to efforts at 14-inch crank,
which is length of crane crank in chain hoists to pull on hauling
chain
.
CA.LIBRATIC1T OP t^Y]TAJ>.I0ICRT1^R .
After making ' several tests, the dynamometer was calibrated a
second tirie to see if the springs had varied. The calibration is
given on the following page . The springs were found to have va.ried
slightly from the graduation, although the variation does not seem
to follov/ any law. The variations were therefore grouped into four
groups and the average of the group taken as the correction for the
range of effort corresponding to the group.
The following are the corrections which were m.ade:
All efforts under 17.5 lbs. subtract 1 lb.
All efforts between 17.75 lbs. and 32.25 lbs.(iri(c.) subtract 2.04?'^
All efforts between 32.5 lbs. and 37.6 lbs. (inc.) " 1.63#
All efforts between 38.0 lbs. and 50 lbs. (inc.; " 2.6G#
This correction vrill be applied throughout all the tests, it
being assT.y:ned that the variation too!k place during the first few-
applications .

CALIBRATION OP DYlIAKOIffiTER .
Load cn
crank
.
I . II . 111
,
IV
.
' 15 16 16 16
16 18 17 ,
5
18 20 20 .
5
20 .
20 22 22 22 . 22 .
22 23 .5 24
.
23 25 25 .5
25 26 .
5
27 27 27
27
28 30 .
5
30 30
30 32 .5 32 32 . 32 .5
31 32 .5
32
33 34 35 35 .5
35 38 37 . 37 . 37 .
36 39 38 .5
37
38 41 41 41.25
40 46 42 .5 42 .5 42 .25
41 43 .5 43 .3
42 44 .5
43 46 .5 45 .25 45 .5
44 46 46 .5
45 47 .5 48
45 49 49 .25 49 49
47 Gil on on on
stop st cp st op stop
Av . Variation.
16
_1
17.75 1.75
20.16 2.16
22.12 2.12
23.75 1.75
25.25 2.25
26.87 1.89
30.16 2.16
32.25 2 .25
3 0.5 1.5
34.8 1.8
37 .6 1.6
38.75 2.75
41.08 3.08
42.41 2.41
43.4 2.4
44.5 2.5
45.^5 2.'"'5
46.25 2.25
47.75 2.75
49.08 3.08
on
StO]:

6.

7.

8.
PORTABLE JIB CRAJIE. PROPERTY OE E. E. DEPT.
SIZE 3A. CAPY. 3000 LBS.
DESCRIPTION.
This crane is a small jib crane of 3000 lbs. capacity, size 3A,
built by the Eranklin Portable Jib Crane Co., Eranklin, Pa. This
crane had. a 5/l6 in. chain, one end of v/hich v^as fastened at the
outside end of the jib. Prom this point it passed dcvm through the
hook pulley, then up over a series of three pulleys in the jib.
These three pulleys had a lateral motion along their shafts, equal
to the length of the drum, in order that the chain might be wound
on drum in a single layer. Prom these pulleys it passes to the drum
to which the other end is fastened and upon which the chain is
wound. The picture of this crane shown on a following page will
show the direction of the chain as well as other details.
GEARITTG
.
A small gear with 14 teeth keyed to the crank shaft drives a
72-tooth gear keyed to shaft v;ith drum. Disimeter of drum is
3 inches; to center line of chain is 3 3/4 inches.
RIDUCTIOX.
One revolution of crank is equal to 14/72 revolution of drum.
Effort acts thrcugxi circuraf Grence of 36 in. circle, equal to
113.0973 inches or 9.4248 feet. G ircu-rf erence of 3 3/4 in. circle
is equal to 11.781 inches or .98175 feet. Then for one revolution
of crank or while effort is acting through 9.4248 ft., the load -"ill
run through l/2 x 14/75 of .98175 ft.= .(.955 ft.

(1) Vk. of load = lead x .09 55 ft. lbs.
(2) '^fk. cf effort = effort x 9.4248 ft.
rrifficiencv = (1)
Tar

10.

11
TEST OF PORTAELE JIB CRAITE. :FJ. E. LAB.
Built by the Franklin Portable Crane and
Hoi St Co .
,
Franklin , Fennaylvania
.
Size 3A Capacity 3000 lbs
Loads
.
730 lbs .1000 lbs . 1 <; v./ IDS . 1500 lbs
. 17 50 lbs . 2000 lb
1 18 22 .5 o<; O 1 A O£1. ^ 47
2 16 25 O L 4 U 41 43
3 15 25 41 A T 49
4 19 25 O X 4U 4 J 47
5 20 27 9Q "Zoo A '24o 43
6 18 28 "Z ooo 41 47
7 16 23 X/l oo 43 50
8 20 28 o / A ^^41 48
9 17 23 OQ o / 41 46
10 17 30 oo Oo 40 47
11 18 25 40 46 50
12 20 30 35 44 46
13 17 22 o<i 3o 42 46
14 20 25 oU 33 45 49
15 16 25 oU 38 40 48
15 16 21 ol 40 46 46
17 19 25 ol 37 48 50
18 20 22 31 4 / A rz4v5 47
19 21 21 31 40 44 49
20 20 25 32 32 41 43
21 21 22 30 33 42 46
22 22 27 32 35 45 49
23 28 oo 37 40 50
24 18 25 27 33 38 49
25 16 23 31 42 32 48
16 25 38 36 41 47
27 18 22 . 5 30 37 41 46
28 15 24 33 38 44 48
29 17 22 . 5 33 38 43 45
30 18 23 34 39 43 47
Average
.
18.1 24 . 8 31.5 36 .9 42.2 47 .2

12.
Load. lbs
PRATHCT.IN PORTABLE JIB CRAIW . E.E. DEPT
SIZE 3A. CAP'Y 3C00 LBS.
SUmiARY
.
7 30 1000 1250 1500
~;ffort on 18 inch
crank lbs.
Effort on 18 inch
crank, corrected, lbs.
Effort on 14 inch
c rank . lb s .
Work of load. ft. lbs.
18.1 24.3 31.5 36.9
15.1 22.8 29.9 35.3
20.7 29.4 33.4 45.4
69 .6 95 .4 119 .1 143
.
tYork of effort, ft. lbs. 151.7 215. 282. 342.
Efficiency per cent. 45.9 44.4 42.3 41.9
1750
42 .2
39 .5
50 .8
167 .
37 2 .
44 .9
2000
47 .2
44 .
5
57 .2
190 .9
419 .
45 .6

15.
o
7SO looo \zS'o iS'oo I7SD ^ooo
EP="F-ORT- /\rND EFFlGIEr^CY CURVES)
OF=-
&t:z:& 0/\RY. 3000 L.BS).
I

14.
PORTABLE JIB CRAirR . PROPERTY OF E.M.3URR.
SIZE 3. CAPY. 2 T03IS.
DESCRIPTIOlNl.
This is a s:'nall jib crane of two ton capacity, size 3, "built
"by the Franklin Portable Jib Crane and Koist Co., Franklin, Pa.
This crane is exactly sii'iilar to the size 3A crane just described,
excei^t for cajiacity and ratio of gearing.
GEAiil^IG
.
'i
j
A small gear with 14 te?th keyed to crank shaft, driven in a
! large gear with 68 teeth, v/hich is keyed to shaft with drum. Dia-
'i
||
meter of drum is 4 l/2 inches, or 5 l/2 inches to center line of
!! chain
.
I
RT<]DIJCTIO?T.
One re\''olution of crank is equal to 14/58 revolution of drum.
Effort acts through circumference of 36 inch circle in one revolu-
tion, equal to 113.0973 inches, or 9.4248 feet. Circumference of
5 1/2 in. circle is 17.2783 in. or 1.43991 ft. Then v^hile effort -
acts through 9.4248 ft., load moves through
1/2 X 14/08 of 1.4399 = .14822.
(1) ¥k. of load = load x .14822
(2) IT^. of effort = effort x 9.4248
Efficiencv = 124
(2)
Effort on 14 in. crank = effort on 18 in. crank x
18 .
14

TEST 0? PRA^naiN PORTA3 TJ: J13 CRAITE .
Loads 750 lbs
.
1000 lbs
1 20 27
2 21 30
3 16 30
4 22 25
5 20 27
6 21 26
7 20 27
8 20 25
9 19 26
10 22 30
11 20 27
12 21 25
13 15 25
14 22 27
15 22 27
IG 21 40
17 22 29
18 21 25
19 21 29
20 20 28
21 21 28
22 21 25
23 20 24
24 20 26
25 21 30
26 21 28
27 22 28
28 21 25
29 21 28
30 16 26
1250 lbs. 15C0 lbs. 1750 lbs.
35 32 45
30 34 46
34 42 48
35 40 44
32 32 49
37 42 50
35 44 50
34 40 46
32 40 43
32 41 • 48
33 43 48
35 40 47
35 41 47
34 40 48
32 42 45
36 40 45
36 42 47
36 42 49
36 41 45
36 41 45
34 42 49
35 43 50
32 41 48
32 40 45
34 41 46
36 38 45
35 40 48
33 42 49
32 41 47
37 40 50
Averaf^e 20.4 27 .1 34.1 40.2 47.2

16.
^'RAI^TKLIN P0RTA3TJ] JIB CRAIIE
SIZE 3.
Leads. Lbs.
Headings of effort. lbs.
Efforts corrected for
scale. Lbs.
Efforts on 14 in. crank. Lbs
Work of load . Ft .lbs
.
Vfork of effort. Pt.lbs.
Effort . ^er cent
.
CAPY. 4,000 TBS.
SUWiARY.
750 1000
20.4 27.1
18,4
23 .6
111
.
25 .1
32 .3
1250
34.1
32 .5
41.8
1500
40.2
37 .5
48 .2
17 50
47 .2
44.5
27 .2
148.3 185.4 222.5 259
173.5 236. 306.
64. 62.8 60.5
353.3 419.5
63.1 61.8

17
.
EFFORT /^^4D EFFlC/»e:tSGY CURVES
pT=?AsMKUN POR-r/NBLE. 01 B CRf^NE:

18.
FRICTION IN WINDLASS.
In determining the friction in the windlass the chain was load-
ed on one side of the pulley with loads increasin,'?- at the rate of
ten pounds at a time as shown by data. The turning effort was
measured by a spring balance attached to the handle of the crank.
Pour sets of data were taken as shown, and the average was taken as
tlie required effort. In determining the effort due to friction, the
static effort required to balance the load was calculated by multi-
plying the load by the pulley radius and dividing by the length of
the crane arm. The difference between this theoretical static
effort and the average actual efTort was taken as the effort requir-
ed tc overcome friction.
These friction efforts were plotted on a chain tension base as
shown b^'- points. The curve is an average straight line of the
determined points. In order tc apply this correction, the chain
tension for the various efforts of the tests were calculated and
referred to the curve to determine the amount of correction.
Since the determination of the chain tension involves the un-
corrected effort, it was necessary to make a double approximation
in order to determine the correction. The uncorrected effort was
used to determine the chain tension, this chain tension was used in
determining the correction, the correction was made and chain ten-
sion figured for corrected effort . This chain tension was then
used to determine the correction which should be made. This cor-
rection was made and this effort taken as actual effort required.

1PRICTIOM" OF WINDLASS.
DATA.
T
X . II . III
.
IV. Aver . "t 3< b i c
Loads
.
Efforts •Efforts .Efforts .Efforts .effort .effort
.
Differences
10 5.5 5 . 5 .5 5.5 5.4 3 .8 1.6
20 11 .5 9.5 9.5 9 .0 9 .9 7.5 2.4
30 15 .0 13.0 13 .0 13.0 13 .5 11 .1 2.4
40 19.0 17 .0 16 .5 17 .0 17 .4 15 .0 2.4
50 21 .0 21.0 21.0 20.0 20.8 IS .8 2.0
60 25 .0 25 .0 25 .0 24.0 24.8 22 .5 2.3
70 31.5 29 .5 29 .0 27 .0 29 .3 26 .3 3.0
80 34.0 34 .0 32.0 33.0 33 .3 30.0 3.3
90 39 .0 38 .0 37 .0 35 .0 37 .3 33.8 3.5
100 43.0 41.0 39 .0 40.0 40 .8 37 .5 3 3
110 46 .0 45 .0 41 .0 46 .0 44 .8 41.3 3.5
120 49 .0 49 .0 46 .0 50.0 48 .3 45 .0 3 .3
130 51 .0 53.0 52 .5 54.0 52 .6 48 .8 3,8
140 54.0 57 .0 57 .0 58 .0 56 .5 52.5 4.0
150 61.5 62 .0 62 .0 62 .0 61.9 56 .3 4.6
I
I

20
o
o
lo 2.0 30 ArO ffo foo 70 &0 90 /oo MO i^o /3o 140



22.
READING CHAIN HOIST, STEAI"! LAB. CAPY . 8000#
BUILT SY READI'TCr CRA^'IE Al© HOIST ¥ORKS
,
READING, PA.
DESCRIPTION.
This hoist is used in the steam laboratory of the T'echanical
Engineering Department, University of Illinois, v/ith the traveling
hand crane. The hoisting chain is made froxn l/2 inch stock, the
ends of which are fastened to f ramG of hoist . One part of chain is
looped over hoisting x^^Hey? passes dovm through climhing pulley,
then to point of attachment at frame. Eor further details see
drawing
.
GEARING
.
A small gear with nine teeth fast to hauling chain pulley
drives a 29-tcoth gear, which is keyed to a secondary shaft with
another 9-tcoth gear. This 9-toGth gear drives a 35-tcoth anular
gear which is fast to shaft ^Kith hoisting chain pulley. Diameter
of hauling chain pulley = drum of windlass pulley = 13 l/2 inclies
to center line of chain.
Hoisting pulley has 6 pockets = 12 links.
Pitch of chain = 17 links in 2 feet = 1.4118 inches.
I
REDUCTION.
One revolution of crank = one revolution of hauling chain
|j
pulley = 9/29 x 9/35 = .0798 revolution of hoisting pulley. '
Effort acts through c ircuj-nf erence of 36 inch circle = 9.4248it.
in one revolution of crank.
Load acts throufrh 9/29 x 9,/35 x 6 x 1-4118 _ .05633 ft. ii
12 !
W^.. of load = load x .05633
V/k. of effort = effort x 9.4248

23.
Chain tens. = effort x 18 = 2.666 x effort.
6.7 5


./
TEST OP STEM'I LA"B . HOIST. CAPACITY 8000 LBS.
BUILT BY READING CKANJ] Ai.T) HOIST WORKS, READIITO, PA.
DATA.
Load 2000 2250 2500
1 21 21 20 22 21 22 . 5 22 . 5 23 .5 23
2 22 20 22 . 5 22 21 21 . 5 22 . 5 23 22 .5
3 20 22 21 22 22 23 23 25 . 5 23
4 20' 22 22 22 .5 22 22 .5 23 24 . 5 23 . 5
5 22 22 21 22 .5 22 . 5 22 . 5 23 23 24
6 20 20 22 22 .
5
21 23 23 22 .5 22 . 5
7 23 22 22 21 22 .5 22 27 23 25
8 2 23 24 22 .5 22 .5 22 24 .5 23 25
9 22 21 21 22 .5 22 . 5 22 23 24 25
10 2C 23 21 22 22 22 .5 22 .5 22 .5 22 .5
11 22 .5 22 22 23 21 22 23 24 22 .5
12 21 .5 22 22 .5 22. 22 22 24 23 23
13 22 .5 22 22 .5 24 22 22 .5 23 .5 25 o f;
14 20 22 22 22 22 22 .5 22 .5 25 24 .5
15 22 22 22 .5 22 22 22 .5 24 22 .5 23 .5
16 22 22 22 22 .5 22 25 23 .5 24 23
17 22 22 21 22 22 .5 22 26 24 25
18 20 21 22 22 23 22 22 .5 22 .5 22 .5
19 22 .5 22 22 .5 22 .5 22 22 .5 24 .5 22 .5 23
20 23 22 22 22 .5 22 .5 22 25 23 24
21 22 22 .5 22 22 .5 22 21 .5 25 24 25
22 21 20 22 22 .5 22 25 23 22 .5 22 .5
23 22 .5 24 22 .5 23 22 22 24 22 .5 24
24 22 23 22 22 21 22 .5 24 25 25
25 22 22.5 20 24 23 22 .5 25 25 24
Av. 20.4 22 .4 23 . 66

TEST OF STEAI'i LAB. HOIST. ( corrri^.njT'U)
)
DATA.
Load 27 50 3000
„. —
^
3250
1 26 27 24 30 28 28 32 31 36
2 26 27 .5 26 29 28 30 32 30 32
3 26 30 24 28 30 28 32 29 31
4 26 24 26 29 30.5 32 31 33 31
5 24 25 26 31 29 30 32 .5 32 • 5 33
6 27 .5 25 28 30. 5 30 30 32 30 31
7 . 25 27 .5 28 30 30 30 30 35 34
8 27 27 .5 27 31 31 30 32 31.5 33
9 24 27 27 .5 31 30 30 32 .5 32 36
10 28 27 26 30 30 30 31 .5 30 31 .5
11 28 27 26 28 30 30 30 30 35
12 27 26 26 30 30 30 32 31 .5 32 .5
16 d f <!4 d 7 on 30 30 36 . 5 3o 31 c"i
14 27 25 26 .5 29 29 30 35 31 32
15 29 26 26 2^ . 5 30 31 30 31 32
16 27 26 27 28 29 30 33 32 32 .5
17 26 25 27 .5 29 30 31 32 34 35
18 26 26 27 29 30 3C 36 35 .5 30 .5
19 26 26 2^7 .5 30 28 32 31 .5 36 32
20 27 27 .5 30 28 28 29 32 32 31 .5
21 27 25 25 28 29 31 32 34 32
22 27 .5 27 .5 27 .5 28 . 5 29 30 32 33 32
23 27 ^ Pj 27 25 29 . 5 30 31 31 31.5 31 .5
24 27 28 27 28 29 31 33 32.5 33
25 27 .5 27 26 30 29 31 32 c;- o 32 35
Av. 26.5 28.3 32 .4

27.
TEST Oy STEAJ/i LAB. HOIST. (CONTIMJED)
X ^ o ouu O f OU 4UUU
OD ou OO OO ? AOo AT4J. f . "T, A A T4±
O
ti. .
%r\ '5^ Roo OD "? ROO '^0O ( '51 AO A P4U / 94^i
"ZO oo O f O 1 J r A C\4U / 94c /I 'X.40
o /
'? A04 0<o L R00 4U 4U A Pi4U A T41 'Z ^Ob
oo O ft '? /I04 4U 4 J. / T4i '? "7 Rf . Oo A 94*0
D oo OO Oo O ( Oo O 4U oy 'ZQOo
( OO '^Q r A C\4U '^'7' R. 4U A T4± A P>4U
O oo '^0o<> '? A04 04 *? ROO *? AOo / T4± ROO 4U
Q
. o<. O f ''^ '"^O'.) Oo R A Pi4U /l Pi4U / T4jL
xU OO Oft '^00<i AT4± 4U O ' R• O t) . AT4 J. A94<i
X.L 0<i O O '2, RO AT4± Oo AO O^ A94<i A94<o
12 32 .5 32 32 . 5 35 40 3*? .5 43 38 39
13 33 33 36 35 35 35 37 .5 40 40
Xffc O JL • J o o p; OO '^ Ao o OD AC) A9 AT
15 34 37 34 32 35 40 39 36 39
16 34 34 33 33 38 36 41 37 .5 37
17 31 32 31 35 40 36 36 42 39
18 32 37 35 37 40 35 37 43 40
19 32 .5 36 32 . 5 35 38 40 39 35 41
20 32 36 37 36 37 .5 41 39 41 43
21 31 32 . 5 36 36 34 33 37 .5 36 35
22 33 35 32 36 40 36 .5 40 39 40
23 34 32 .5 33 38 39 40 40 40 41
24 33 36 33 37 . 5 37 .5 37 .5 39 42 42
25 33 32 38 35 . 5 36 42 36 33 43
Av
.
33 .8 37 .4 39 .4

TEST 0? STEAlA LAB . HOIST (COHTINWID)
Load 4250 4500 4750
1 40 41 40 41 41
—
—
41 46 41 45
2 39 41 .
5
37 42 .5 42 41 45 42 47
3 42 37 40 42 .
5
40 42 43 46 46
4 42 .
5
37 . 40 43 A5 40 47 44 47
5 43 37 41 44 40 41 48 47 45
6 40 42 . 37 . 5 45 42 42 48 44 47
7f 37 ^ 40 44 44 43*xO 42 44 46
8 40 37 5 44 43 42 48 44 48
q oo 40 Al*± X A3 47 47 rr U
10 AO 40 41 45 Al*xX A? 47 48 A?
XX 3ft 39 39 42 AO A? 46 46 A5
ATrtX "^9 A 1t: X 42 AR Alt:X 45 45 AA
J. <J «JC Alt: X AO 41 4 AP 46 44 A*^
4-0 A? Af^ 43 AO A? 44 43 A?
15 40 40 42 40 40 41 47 45 47
16 40 38 40 48 41 40 47 42 43
X ' Altx Al*±x 40 AlX Alft X 45 43 AA
18 40 39 40 43 40 42 42 43 44
19 40 42 41 42 42 40 48 47 48
20 41 39 39 42 41 43 43 46 43
21 39 39 42 42 41 40 45 46 45
22 40 -40 38 43 42 42 42 42 47
23 40 41 41 42 41 41 46 45 48
24 39 38 40 44 40 41 47 48 48
25 37 38 40 42 40 40 46 46 46
Av. 39 .8 41.8 45 .3

TEST OP STEAK LA3 . HOIST. (COHCLimED)
Load 5000
1 48 46 46
2 46 48 47
3 47 42 48
4 42 44 50
5 46 46 47
6 48 49 48
7 45 43 50
8 45 44 49
9 47 48 47
10 48 47 46
11 47 44 47
12 45 46 48
14 48 47 48
15 47 45 47
16 47 50 46
17 48 47 44
18 49 50 49
19 50 48 47
20 48 48 46
21 44 44 47
22 50 48 48
23 48 46 48
24 46 47 49
25 44 45 46
Av. 4.65

30.
TEST OP STEAJ'' LAB. HOIST.
Capacity 8000 los
.
STITOIAEY
.
Loads . l"bs . 2000 2250 2500 2750 3000 3250 3500
Readings
:
20.4 22 .4 23 .66 26 .5 28 .3 32 .4 33 .8
Corrected rea.dings . 18.4 20.4 21.6 24.5 26.3 30.8 32 .2
Corrected for fric . 16.1 18 .
3
18.9 21.7 23 .4 27 .8 29 .2
Chain tens
.
43 .3 45 .9 50.1 60.5 62 .4 73.8 77 .2
V/lc. of load. 112 .7 125.8 140.8 155. 169 . 183. 197 .
Wk. .of effort 151.8 172.3 178 .5 204 . 220 .3 262. 275 .
Efficiency 74.2 73.5 78.8 75.9 7 6.6 69 .8 71.6
(Continued)
Loads . l"bs . 37 50 4000 4250 4500 47 50 5000
Readings
.
37 .4 39 .4 39 .8 41 .8 45 .3 46 .5
Corrected rea,dings .35 .8 36 .7 37 .1 39 .1 42 .6 43.8
Corrected fcr fric .32 .6 33.5 33 .8 35.8 39 .2 40 .3
Chain tens . 86 .5 88.7 90.2 95.5 103 .9 106 .4
''"k. of load. 211.3 325 .2 239 .5 253 .8 268 281.8
''fk. of effort . 307 .5 316 . 318 .2 337 .
5
369 .7 380.
Efficiency 68.8 71.3 75.3 75.3 72 .6 74.2
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32.
READING CKAIE KOIST.
CAPACITY 6000 LBS. IVlACHIl^IB] SHOP.
DRSCRIPTIOH.
Thin hoist is a 6,000 Ih . capacity hoist used with the travel-
ing hand crane in the metal shops. The hand chains are of l/4 inch
stock. The hoisting chain is made from 3/8 in. stock. This hoist
is very similar to the one previously descrihed and its action can
"be readily understood "by reference to the drawing.
GEARING.
A small gear fast to hauling chain pulley and having 9 teeth,
drives a ^'t-tooth gear, which is keyed to secondary shaft with
another 9-tooth gear. This 9-tooth gear drives a 34-tooth annular
gear which is fast to shaft with hoisting chain pulley. Hoisting
pulley has 6 pockets = 12 links, pitch of chain " 1.143 in. r
.09525 ft.
REDUCTION.
One revolution of crank is equal to one revolution of hauling
chain r^ulley, v/hich is equal to 9/24 x 9/34 revolution of hoisting_
chain imlley.
Effort acts tnrough 9.4248 ft. per revolution.
Load acts through 9/24 x 9/34 x .09525 ft. x 5 = .05673 ft.
'iVork of load load x .o5673.ft.
"7ork of effort = x 9.4248
18
Chain tension ~ effort x 6.75 - 2.666

TEST OF Z:LAGEIjrK SHOP HOIST.
OBSERVI-ID DATA.
Loads 1500 1750 2100
1± n c±o o r\ <:1 o o . ,<s 2 7
2 ± / T Q ±y 1 / o o o o 22 21 23
"2O lo n o lb 'OX O lb 24 21
A4 o o O T<il ± r lo o o 2ti . 22 22
C ±y J. / <cil o p. 23
c.
o ly /:;i O A ly .do 23
ri
I w J. lb lb O 1 <do 25
QO lo 21 21 lo 21 28
y 21 20 ly 22 20 22 22 28
lU ly 1 1 / to JL 20 22 23 24 28
11 17 20 17 21 21 19 22 22 . 5 22
12 16 20 17 20 21 22 23 24 23
15 16 21 20 21 20 21 22 24 24
14 16 21 16 19 21 19 22 22 .5 25
15 16 20 15 20 22 19 22 27 24
16 20 17 15 22 20 17 21 26 22
17 20 16 20 2.. or 20 22 .5 25 24
18 20 15 21 22 21 18 21 22 26
19 21 17 20 22*5 20 23 23 22 28
20 20 16 21 o o 19 22 .5 24 25 27
21 20 21 21 21 20 22 .
5
23 23 26
22 15 21 16 20 2C 22 .5 23 27 25
23 26 21 22 21 20 23 21 28 24
24 20 21 21 2C 21 19 22 28 27
25 17 16 16 20 22 21 21 29 25
Av. 18.5 20.7 23.6

34.
TtIST op MACHII3] SHOP HOIST. ( COlTTiriTJlffi
)
OBSERViaD DATA.
T .r\ o /i c? ^ '± w'W PRODrfOO w OX 0\J
T
J. Pft
'
PR OX "^P0<0 O f O (Tj Oft
9 O J. 9R<oO PQ oo o± •^p ^Q «.) C-. AP,
o "^Roo Oft "^ROO Ofi ATftX
/
ft PP, oni-j ( O X OO OO "^7O f OO
C
o PQ P7 O X "^p OO O O "^7O f
o o X O jL O \J Oft O ( O o
7
f
PA P R O-L Ow "^po<s oo oX O O
QO PA Pft o u o o Ow ^po O o <^
q ou P R "^P O X OX AOO O O "^p0<c
P A ^fiOVJ "^pO £i ox 0;C A r
11 32 28 29 31 32 32 37 34 34
12 27 30 31 32 31 32 4C 33 42
J.O «j PQ o o OX ox OO OO AP
14 28 30 32 31 30 34 37 32 38
15 27 32 28 32 . 5 33 31 38 37 41
16 25 30 30 32 30 31 36 33 42
17 26 30 31 31 35 32 32 40 40
18 31 28 30 35 36 29 32 40 37
19 29 29 33 30 30 35 35 32 39
20 30 26 33 35 30 30 32 40 33
21 31 26 32 37 31 31 36 38 41
22 28 28 30 35 30 33 40 36 40
23 30 25 29 36 30 32 31 35 38
24 31 29 31 32 30 33 36 35 42
25 27 32 32 32 31 34 32 32 41
Av
.
29 .1 32 .1 35.1

35.
TEST OP I'lACHII^TR SHOP KOIST . (CO:^^mJEr!)
Loads 3500 3850 4250
1 38 40 42 42 43 41 46 48 47
2 40 43 44 41 40 40 49 43 49
• 3 46 42 40 46 39 41 47 49 46
4 44 33 42 40 46 40 48 44 43
5 41 41 43 43 44 37 47 44 48
6 38 36 42 41 43 41 42 47 46
7 41 39 44 40 40 39 41 45 42
8 44 38 40 39 39 41 42 44 48
9 36 36 43 40 40 4C 47 43 46
10 37 41 41 41 42 43 42 44 48
Ov O 1 oo An AO AA AA A
12 38 40 38 40 40 40 47 42 49
13 35 43 42 41 40 40 42 43 46
14 36 42 41 42 41 43 44 45 46
15 40 43 38 44 46 40 41 44 45
16 36 42 39 43 42 41 42 43 47
17 39 40 40 45 40 42 44 44 44
18 42 38 42 46 42 40 42 43 48
19 43 39 41 41 41 43 48 46 42
20 36 40 39 39 42 42 44 43 43
21 36 41 38 40 42 44 45 44 46
22 35 36 40 41 40 43 43 47 45
23 36 40 41 44 43 40 47 48 44
24 40 32 42 42 41 40 45 46 48
25 39 38 39 46 40 42 42 47 48
Ay . 39 .9 41 .5 45 .1

36.
TEST OF SHOP HOIST
.
(COHGLTIDTQ)
Loads 47 50
•
5000
1 A D4<J A A44 48 46 46 47
^
48 46 50
2 43 A C46 46 48 45 46 46 47 47
3 42 '±4 45 45 45 46 48 46 45
4 43 44 45 48 45 46 49 47 44
5 42 45 42 44 46 46 45 46 46
6 43 /I /I44 44 44 47 47 46 46 47
7 46 il IT45 43 45 44 46 46 46 46
8 43 45 45 48 46 48 45 47 49
9 A '743 43 43 45 48 45 47 47 48
10 ^ A44 A T43 47 44 45 46 47 47 46
11 45 44 45 49 46 47 50 48 46
12 A O48 42 45 44 45 48 47 48 45
13 43 45 45 44 46 46 48 46 45
14 44 44 43 44 50 44 45 49 47
15 A A44 45 42 45 45 47 46 44 48
16 44 46 43 46 46 46 A Pf47 48 A n48
17 44 47 45 45 49 48 46 49 47
18 43 45 44 45 46 47 46 48 48
19 44 44 45 45 49 44 46 46 46
20 42 44 47 48 44 47 46 46 49
21 45 45 46 47 46 48 48 46 48
22 45 43 45 45 45 48 47 45 45
23 43 44 44 46 45 48 46 49 46
24 42 43 44 46 44 47 47 49 48
25 43 46 44. 46 46 48 46 49 47
Ay. 44 .2 46 . 46 .8
- - -
started this test 'baclGmrds- frcm 5000 Ihs . Chain stuck
with 4250. Took off load, filed shaft and started with
1500 Ih. load and -.rorked up to 4500.

37.
TEST OF
Loads
.
Rffort readings. .
Corrected readings.
Corrected for frict .
Chain tens
.
V.Ti. of load.
\'/k. of effort.
Eff iciencj/
Loads
Eff rt re ad ing s .
Corrected readings.
Corrected for frict .
Chain t ens
of load.
m. of effort .
Efficiency
MACHIT^IE SHOP HOIST.
SIHSIARY
.
1500 17 50 2100
IS .5 20.7 23 .6
16 .5 18 .7 20.9
14 . 15 .2 18 .3
38 .6 47 ,8 5U.3
85 . 99 .2 119 .
132 . 143. 172 .5
64.3 69 .3 69 .
(Cont inued)
3500 3850 4250
39 .9 41.5 45 .1
37 .2 39 .8 42 .4
33 .9 36 .5 38 .9
93 .3 99 .3 105 .0
198 .5 218.0 241.0
319 .8 344 .0 367 .0
62.0 63.4 65.7
CAPY
.
6000 LBS .
2450 2800 3150
29 .1 32 .1 36 .
1
26 .4 29 .4 34 .5
23.5 26 .4 31.4
64 .0 72.0 85 .7
139 . 158 .8 178 .5
221.7 248 .8 295.7
62 .3 63.6 60.4
4500 47 50 5000
44 .2 46 .0 46 .8
41 .5 43 .3 44.1
38 .2 39 .8 40.5
103 .0 108 . 110.0
255 .0 269 .2 283.7
360.0 37 5 . 382 .
70 .8 71.8 74.2
--0--
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'AO
WORM WH]^IF]L KOI ST. CAPY. 30CO LBS.
EDWIN KARKIiVTCTTOir & CO .
,
TIAKFIRS .
DESCRIPTION.
This hoist is one kept in the stock rocm of the power plant.
It has a screw fast to the hai;ling jnjlley which drives a screw gear
fast to hoisting pnlleys. There are tv/c hoisting pulleys. Both
ends of hoisting c'hain are fastened at th-? hook and the chain is
looped over the two pulleys. See drawing. Twitch of screw, 1 l/4 in
Screw gear wheel has 28 teeth. Hoisting pulley has 6 pockets =
12 links. Pitch of chain « £i in . = .0869 ft.
23
R?TDTTCTION.
One revolution of crank = one revolution of hauling pulley =
l/28 revolution of hoisting pulley,
l^ffort acts through 9.4248 ft.
Load acts through l/28 x 12 x .0869 = .037 24.
^^Tc. of load = load x .3724. •
^'.'k. of effort = effort x 9.4248
Chain tens. = effort x IS = 2.666
6 .75



TKST or YOm:{ Y.'KEEL CIUJiE
.
Loads 1350 1500 17 50 2000 2250
1 20 20 15 20 21 22 22 25 29 27 31
2 21 16 15 20 21 22 23 30 30 28 31
3 19 21 16 17 22 23 24 31 30 29 33
4 20 17 16 17 21 2^ 23 30 30 30 31
5 18 17 17 16 20 23 23 32 29 31 32
i 6 16 17 16 20 20 23 25 31 30 34 31
' 7 16 16 17 21 21 25 26 25 30 36 32
1
' 8 17 16 19 21 21 24 24 29 30 35 31
9 17 16 16 20 21 24 22 30 29 29 33
10 16 17 20 20 23 24 23 30 30 31 35
11 20 16 16 21 19 23 22 .5 30 31 30 31
T Q 1 / 1 r 20 20 23 22 c. 30 30 32 36
13 16 17 20 22 21 23 23 30 31 28 31
14 16 17 16 20 20 24 25 29 29 30 30
i
15 15 16 17 22 21 22 .5 24 30 30 35 30
1 16 17 16 16 22 20 23 23 27 30 32 31
i
15 20 16 20 20 23 22 .5 28 30 34 33
!
18 16 15 16 20 21 24 23 29 30 32 35
1 19 15 16 17 20 20 24 24 27 29 31 30
1 20 16 18 18 20 19 22 .5 24 30 28 30 29
21 16 18 18 21 20 23.5 22 29 30 33 32
22 16 16 16 21 21 24 23 31 29 32 32
23 16 16 22 21 26 25 28 27 31 32
24 IG 15 17 21 20 25 23 29 28 32 31
25 18 ir> 16 17 19 24 22 30 29 30 32
Ay. 16 .9 20 .3 2 3 • 5 29 .3 31 .5

42.
TEST OF WOEI-i ^MJEL CRMH^] . ( COTrTIMIRD
)
Loads 2500 27 50 3000
1 30 30 37 3 6 42 40
2 35 35 38 34 40 40
3 35 32 35 38 35 36
4 32 31 32 31 37 37
5 30 32 35 32 38 38
6 31 33 37 37 42 36
7 35 32 36 34 41 34
8 30 34 33 3 5 35 36
9 30 32 33 32 4U 35
10 31 31 34 32 37 • 37
11 32 32 35 35 40 40
12 32 32 32 32 45 40
13 31 30 35 35 40 38
14 31 31 37 34 41 35
15 36 30 35 35 42 36
16 33 32 31 33 40 38
17 32 30 31 35 37 40
18 31 31 35 35 36 41
19 32 31 35 33 40 38
20 30 31 32 33 41 36
21 32 31 31 35 40 37
22 33 30 32 38 38 35
23 30 30 33 36 36 40
24 31 33 36 35 40 40
25 33 32 32 33 40 42
31 .7 34 .4 38 .4
--0--

TEST OF V-TiEI-:L HOIST. CAPY. 3000 t:bs.
STRCIARY
.
Loads . lbs
.
1350 1500 1750 2000
Scale readings
•
16.9 20 .3 23 .5 29 .3
Corrected efforts . 15 .9 18 .3 21 .5 27 .3
Corrected for frict. 13 .5 15 .8 18 .8 24 .
5
Chain t ens
.
37 .1 43 .
5
52 .0 62 .
"^rk . G f 1 c ad . 50 .2 55 .8 65.2 74 .4
Wk . rf effort . 127 .3 149 . 177 . 231
.
"Rff if ipTiPv 39 .4 37 4 36.8 32 .2
( cent inued )
Loads . lbs . 22 5 C 2500 27 50 3000
Scale readings
.
31 .5 31 .
7
34.8 38.4
Corrected efforts . 29 .5 29.7 33 .2 35.7
Corrected for friot. 26 .5 26 .7 30.1 32 .5
Chain tens. 73.4 74.0 82 .7 88.8
V.^k. of lead. 83.8 93 .0 102.4 111.6
of effort. 250 . 252 - 283. 306 .
Eff ic iency 33 .6 36 .8 36.2 36 .4
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.
^.OilSTOlf TRIPLEX SPUR GEAR BLOCK.
YALE & TOW^IE TiCFG . CO., STAlvCPORD, COTW. CAPY. 2000 J3S
.
DESCRIPTIOIT.
This is a block kept in the pov;er plant store room to "be used
wherever needed. It has a small gear keyed to sha.ft with hauling
chain pulley which drives two equal larger gears. Each of these
gears has s^r^aller cears fast to them and these travel around a
large annular stationary gear and carry the hoisting pulley with
them. The hoisting pulley has 5 pockets = 10 links. Hoisting
chain is made from 3/8 in. stock o,nd has a pitch of 24/23 in. =
1.0435 in. = .0869 ft. One end of chain is fast to frame, chain
looped over hoisting pulley, and the load hook on other end.
Mauling pulley, 10 in. dia. to els. of chain.
For further details see drawin'-'s
.
PJIDUCTIO^I.
A 12-tcoth gear drives tv;o 29-tocth gears, which carry two
11-tocth gears. These ll--tooth gears travel around a fixed 42-
tocth annular gear. In order to determine the reduction v;e will
use a sort of tahula.r method.

L-it "a" represent 12-tcGth driving gear.
Let "-b" " 29 " gear.
L3t "c" the arm.
^et "d" " the annular 42-tGoth gear.
Consider the whole mechanis^n locked and give it a counter
clock-wise revolution. Each link v/ill receive a * 1 revolution,
as shovm by tahle.
a b
. c d
+ 1 +1 +1 +1
,42
_
42
12 " 11 11
29^ 4 . - 1
1+ 29 ^ 42 _ 31
12 11 11
I'ow hold "c" fixed and give "d" a clock-wise revolution. "b"
will receive
-
±2 revolutions and "a" 29_ x ±2 revolutions
11 12 11
Adding, we find that "a" will receive
1 + 29 X £2 revolutions, and the crank will receive
12 11

47
_10
_
13 .5
14 (29 X M
(12 11.
-
-7 r.
.575 revolutions, or for one revolution
of crank, the hoisting chain pulley will receive ?- z .132 of
7 .575
a . revolut ion , and the load will move through .132 x .0879 x 10 =
.1147 .
V/ork of load = load x .1147
Y/ork of effort = effort x 9.4248
t


49
.
TEST 0^^ YffiSTOlT'S TRIPLJIX SPUR C-SAK BLOCK.
YALE & TOmm ITFCr. CO., STA^TORD , COim. CAPY. 2000 LBS.
OESERVED DATA.
Loads • 1000 1250 15C0 1750 2000
1 16 17 20 22 25 29 30 33 35 41
2 17 16 22 22 24 26 32 32 38 35
3 16 19 23 23 27 29 32 31 37 36
4 18 20 22 21 27 28 31 33 36 36
5 19 16 21 23 26 28 33 31 38 35
6 19 17 22 21 28 30 31 33 36 37
7 17 19 23 23 25 27 32 32 36 36
8 18 18 22 22 25 29 32 36 40 38
9 15 20 21 21 29 28 33 35 36 40
10 19 20 21 23 30 28 33 32 36 36
11 17 20 21 22 28 30 34 32 36 39
12 15 19 23 24 26 29 33 31 40 37
13 20 17 23 24 30 26 32 33 36 35
14 19 18 24 21 29 28 35 33 38 36
15 20 20 21 22 25 30 31 31 39 38
16 18 16 22 22 29 28 31 33 42 40
17 20 19 23 22 25 29 34 33 41 39
18 17 19 22 23 30 27 32 35 40 38
19 18 15 21 22 27 29 32 32 35 36
20 18 20 20 23 30 3C 32 35 36 41
21 17 15 22 23 25 28 32 33 37 40
22 16 15 22 21 28 26 31 33 37 40
23 16 19 21 23 27 29 32 32 36 36
24 18 20 23 23 26 28 31 35 37 35
25 20 20 21 21 29 30 30 33 36 38
18 . 04 2 ^ .1 27 . 7 32 4 37 .4

50.
TEST OF V/ESTON TRIPLEX SPUR GEAR BLGCPC.
CAPACITY 2000 LBS.
SUmiARY.
Loads. Log. 1000 1250 1500 1750 2000
Readings of efforts 18.04 22 .
1
27 .7 32.4 37 .4
correction for scale 16. 20.1 25 .7 30.8 35.0
Correction for fric t ion 15.6 19.5 24. 9 29.4 34.2
Chain tension 37.3 40. 61 .0 75.2 08.5
Work of load 114.7 143.3 172 . 200.6 229.5
Work of effort 147 . 184. 234.8 277 . 322.
Eff ic iency 77 .9 77 .9 73.3 72.5 69.
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52.
COTTOLUSIOI'I.
.
'
«
The efficiencies do not seem to vary according to any law.
Th'y run appi'oxiinat ely constant for the varying loads, the great
variation being about 10^> The lowest variation was in the jib
crane and was about 4^.
RELATIVE .EEFICIEITGIES .
There is a 'parked difference in the efficiencies of the two
jib cranes, probably due tc the difference in the capaci":ies and I
i
the v/orlcmanship on the two cranes.
|
The efficiencies of the chain hoists did not vary much except
|
in the case of the screv? hoist when the efficiency fell consider-
ably below that of the other, showing that a screv: is an ineffi-
cient method of self -locking
.
The efficiency of the V/eston Trii^lex spur gear block gave the
highest eff ic iencj.'
.
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